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In 1963, the National Institutes of Health 
(NIH) first issued guidelines for animal 
housing and husbandry. The most recent 
2010 revision emphasizes animal care “in 
ways judged to be scientifically, technically, 
and humanely appropriate” (National 
Institutes of Health, 2010, p. XIII). The goal 
of these guidelines is to ensure humanitar-
ian treatment of animals and to optimize the 
quality of research. Although these animal 
care guidelines cover a substantial amount 
of information regarding animal housing 
and husbandry, researchers generally do 
not report all these variables (see Table 1). 
The importance of housing and husbandry 
conditions with respect to standardization 
across different research laboratories has 
been debated previously (Crabbe et al., 
1999; Van Der Staay and Steckler, 2002; 
Wahlsten et al., 2003; Wolfer et al., 2004; 
Van Der Staay, 2006; Richter et al., 2010, 
2011). This paper focuses on several animal 
husbandry and housing issues that are par-
ticularly relevant to stress responses in rats, 
including transportation, handling, cage 
changing, housing conditions, light levels 
and the light–dark cycle. We argue that these 
key animal housing and husbandry varia-
bles should be reported in greater detail in 
an effort to raise awareness about extrane-
ous experimental variables, especially those 
that have the potential to interact with the 
stress response.
Rats used in scientific research are 
usually transported from a breeder to an 
institution’s animal housing facility prior 
to experimentation. NIH guidelines on 
animal care do not provide standards on 
the duration of time to allow for acclima-
tion to the new colony prior to experi-
mentation, even though transportation 
can be stressful (Van Ruiven et al., 1998; 
Capdevila et al., 2007). Transporting rats 
[male Sprague-Dawley (SD), 175–200 g] 
for 5 h to a new facility has been found 
to decrease body weight, decrease overall 
activity levels, and increase heart rate (HR) 
for up to four days after transportation 
(Capdevila et al., 2007). Blood corticoster-
one (CORT), a physiological indicator of 
the stress response, has also been reported 
to be significantly lower in male and female 
Wistar rats 1 day after a prolonged (15 h) 
transport compared to control animals, but 
returns to pre-transport values 3 days after 
arrival in a new environment (Van Ruiven 
et al., 1998). Therefore, in agreement with 
Van Ruiven and colleagues, 3–4 days should 
be a sufficient period for acclimation after 
which rats’ stress parameters return to pre-
transport levels.
Although not a component of NIH 
guidelines for housing and husbandry, 
most researchers “gentle” or “handle” rats 
prior to experimentation with the inten-
tion of habituating them to human con-
tact, thereby decreasing stress responses. 
However, evidence to the contrary indi-
cates that handling induces a rapid and 
significant elevation of physiological 
stress responses in rats that may persist 
for 30–60 min or longer (Black et al., 1964; 
Sharp et al., 2002a,b, 2003; Balcombe et al., 
2004). Handling male SD rats for 20 consec-
utive days significantly increases mean HR, 
blood pressure, and serum CORT concen-
trations (Armario et al., 1986a,b; Balcombe 
et al., 2004). The persisting CORT response 
after the initial handling may affect per-
formance in subsequent behavioral tests 
(Brown and Martin, 1974). Interestingly, 
rats show minimal habituation to these 
physiological markers of stress (Balcombe 
et al., 2004). Therefore, daily handling may 
not reduce stress as commonly thought, but 
instead, may actually work to increase the 
stress response. Although it is difficult to 
estimate a precise timeframe for testing 
after daily handling, the data cited above, 
as well as other experimental data (see 
Sapolsky et al., 1984; Flores et al., 1990) sug-
gest that at least 30–60 min should elapse 
before conducting stress-sensitive proce-
dures. Given this caveat, we recommended 
that authors report latency from handling 
to procedure and consider all handling in 
their experimental design.
National Institutes of Health guidelines 
indicate that cages should be changed as 
often as necessary to ensure that animals are 
clean and dry, but that cleaning frequency 
is a matter of the judgment of animal care 
personnel (National Institutes of Health, 
2010, p. 75). Empirical evidence suggests 
that excessive cage changes may be stress-
ful to rats (Kacergis et al., 1996; Thulin et al., 
2002; Balcombe et al., 2004; Burn et al., 
2006). Cage cleaning has been linked with 
increases in cardiovascular parameters and 
general activity in male SD and Wistar rats 
(Saibaba et al., 1996; Schnecko et al., 1998; 
Doerning, 1999; Duke et al., 2001; Burn 
et al., 2006). Burn et al. (2006) examined 
the effects of cage cleaning (twice weekly, 
weekly, or biweekly) across two commonly 
used rat strains (Wistar and SD). Rats with 
cage cleanings biweekly displayed fewer 
defensive behaviors (i.e., biting and audi-
ble vocalizations) and struggled less during 
handling than did rats with cages cleaned 
weekly or twice weekly. In contrast, it took 
longer for anxiety-like behaviors to return 
to pre-stress levels in rats that had cages 
cleaned less often. Because cage changing 
may affect behavioral and biological stress 
responses, it is important for investigators 
to include this information in experimental 
reports and to be consistent in frequency 
of cage changing among treatment groups. 
Investigators should consider biweekly 
cage cleaning, if possible, or no more than 
weekly, if necessary.
Numbers of animals per cage, size of 
cages, and presence or absence of physi-
cal enrichment affect stress responses 
Frontiers in Behavioral Neuroscience www.frontiersin.org July 2011 | Volume 5 | Article 38 | 1
OpiniOn Article
published: 27 July 2011
doi: 10.3389/fnbeh.2011.00038
Ta
b
le
 1
 | 
A
n
im
al
 h
o
u
si
n
g
 a
n
d
 h
u
sb
an
d
ry
 re
p
o
rt
in
g
 in
 s
ci
en
ti
fi
c 
ar
ti
cl
es
.
Jo
u
rn
al
A
ge
/
w
ei
g
h
t 
Li
g
h
t 
cy
cl
e
Li
g
h
t 
lu
x
R
o
o
m
 
te
m
p
.
R
o
o
m
 
h
u
m
id
it
y
Tr
an
sp
o
rt
 
d
u
ra
ti
o
n
C
ag
e 
cl
ea
n
in
g
H
an
d
lin
g
 
A
n
im
al
s 
p
er
 c
ag
e
C
ag
e 
si
ze
P
hy
s.
 
en
ri
ch
A
cc
lim
at
e 
to
 fa
ci
lit
y
B
eh
av
io
r G
en
et
ic
s
70
90
10
80
40
0
10
10
70
20
10
10
B
eh
av
io
ra
l N
eu
ro
sc
ie
nc
e
10
0
80
0
30
*
20
*
0
0
20
**
*
60
**
0
0
30
B
eh
av
io
ur
al
 B
ra
in
 R
es
ea
rc
h
50
90
0
50
20
0
10
30
**
*
80
**
20
10
10
B
io
lo
gi
ca
l P
sy
ch
ia
tr
y
80
50
0
10
10
0
0
10
30
**
0
0
0
Eu
ro
pe
an
 J
ou
rn
al
 o
f N
eu
ro
sc
ie
nc
e
70
50
0
10
0
0
0
0
30
**
0
0
0
Fr
on
tie
rs
 in
 B
eh
av
io
ra
l N
eu
ro
sc
ie
nc
e
70
90
0
40
*
40
*
0
0
0
90
**
20
10
30
N
eu
ro
bi
ol
og
y 
of
 L
ea
rn
in
g 
an
d 
M
em
or
y
90
90
0
60
0
0
0
20
**
*
50
20
0
30
**
**
Ph
ar
m
ac
ol
og
y 
B
io
ch
em
is
tr
y 
an
d 
B
eh
av
io
r
10
0
90
0
50
*
10
0
0
0
80
**
20
0
20
Ph
ys
io
lo
gy
 a
nd
 B
eh
av
io
r
10
0
90
0
60
20
0
0
10
60
**
40
0
0
Ps
yc
ho
ph
ar
m
ac
ol
og
y
90
80
0
50
*
40
*
0
0
0
80
10
10
20
To
ta
l %
82
80
1
44
20
0
2
10
63
15
4
15
O
ne
 h
un
dr
ed
 a
rt
ic
le
s 
pu
bl
is
he
d 
in
 2
01
0 
w
er
e 
ch
os
en
, 
us
in
g 
a 
ra
nd
om
 n
um
be
r 
ge
ne
ra
to
r, 
fr
om
 1
0 
di
ffe
re
nt
 jo
ur
na
ls
 t
ha
t 
pu
bl
is
h 
sc
ie
nt
ifi
c 
pa
pe
rs
 in
 t
he
 fi
el
d 
of
 b
eh
av
io
ra
l n
eu
ro
sc
ie
nc
e.
 T
he
 t
ot
al
 p
er
ce
nt
ag
e 
of
 
ar
tic
le
s 
re
po
rt
in
g 
th
e 
sp
ec
ifi
ed
 h
ou
si
ng
 a
nd
 h
us
ba
nd
ry
 p
ro
ce
du
re
s 
ar
e 
lis
te
d.
*A
rt
ic
le
s 
st
at
ed
 t
ha
t 
cl
im
at
e 
w
as
 c
on
tr
ol
le
d 
bu
t 
di
d 
no
t 
pr
ov
id
e 
te
m
pe
ra
tu
re
/h
um
id
ity
.
**
A
rt
ic
le
s 
va
rie
d 
in
 g
ro
up
 h
ou
si
ng
 n
um
be
rs
 w
ith
in
 e
xp
er
im
en
ts
 (e
.g
., 
2–
3 
pe
r 
ca
ge
) o
r 
st
at
ed
 a
ni
m
al
s 
w
er
e 
“g
ro
up
 h
ou
se
d”
 b
ut
 d
id
 n
ot
 g
iv
e 
nu
m
be
r.
**
*D
ai
ly
 h
an
dl
in
g 
bu
t 
di
d 
no
t 
sp
ec
ify
 h
ow
 m
an
y 
da
ys
 o
r 
du
ra
tio
n 
of
 h
an
dl
in
g.
**
**
A
cc
lim
at
io
n 
to
 fa
ci
lit
y 
w
as
 p
ro
vi
de
d,
 b
ut
 d
id
 n
ot
 s
pe
ci
fic
al
ly
 s
ta
te
 h
ow
 m
an
y 
da
ys
.
Frontiers in Behavioral Neuroscience www.frontiersin.org July 2011 | Volume 5 | Article 38 | 2
Prager et al. Importance of housing and husbandry
Balcombe, J. P., Barnard, N. D., and Sandusky, C. (2004). 
Laboratory routines cause animal stress. Contemp. 
Top. Lab. Anim. Sci. 43, 42–51.
Bennett, E. L., Rosenzweig, M. R., Diamond, M. C., 
Morimoto, H., and Hebert, M. (1974). Effects of 
successive environments on brain measures. Physiol. 
Behav. 12, 621–631.
Black, R. W., Fowler, R. L., and Kimbrell, G. (1964). 
Adaptation and habituation of heart rate to 
handling in the rat. J. Comp. Physiol. Psychol. 57, 
422–425.
Boggiano, M. M., Cavigelli, S. A., Dorsey, J. R., Kelley, C. 
E., Ragan, C. M., and Chandler-Laney, P. C. (2008). 
Effect of a cage divider permitting social stimuli on 
stress and food intake in rats. Physiol. Behav. 95, 
222–228.
Brodin, E., Rosen, A., Schott, E., and Brodin, K. (1994). 
Effects of sequential removal of rats from a group 
cage, and of individual housing of rats, on substance 
P, cholecystokinin and somatostatin levels in the peri-
aqueductal grey and limbic regions. Neuropeptides 
26, 253–260.
Brown, G. M., and Martin, J. B. (1974). Corticosterone, 
prolactin, and growth hormone responses to han-
dling and new environment in the rat. Psychosom. 
Med. 36, 241–247.
Burn, C. C., Peters, A., Day, M. J., and Mason, G. J. (2006). 
Long-term effects of cage-cleaning frequency and 
bedding type on laboratory rat health, welfare, and 
handleability: a cross-laboratory study. Lab. Anim. 
40, 353–370.
Capdevila, S., Giral, M., Ruiz De La Torre, J. L., Russell, 
R. J., and Kramer, K. (2007). Acclimatization of rats 
after ground transportation to a new animal facility. 
Lab. Anim. 41, 255–261.
Crabbe, J. C., Wahlsten, D., and Dudek, B. C. (1999). 
Genetics of mouse behavior: interactions with labo-
ratory environment. Science 284, 1670–1672.
Diamond, M. C., Ingham, C. A., Johnson, R. E., Bennett, 
E. L., and Rosenzweig, M. R. (1976). Effects of envi-
ronment on morphology of rat cerebral cortex and 
hippocampus. J. Neurobiol. 7, 75–85.
Diamond, M. C., Rosenzweig, M. R., Bennett, E. L., 
Lindner, B., and Lyon, L. (1972). Effects of environ-
mental enrichment and impoverishment on rat cer-
ebral cortex. J. Neurobiol. 3, 47–64.
Doerning, B. (1999). “Effects of routine animal hus-
bandry, and experimental procedures on physiological 
parameters of rats,” in Workshop on Refinements (in)
Toxicology Testing: Hosted by the Humane Society 
of the United States, New Orleans, LA.
Duke, J. L., Zammit, T. G., and Lawson, D. M. (2001). The 
effects of routine cage-changing on cardiovascular 
and behavioral parameters in male Sprague-Dawley 
rats. Contemp. Top. Lab. Anim. Sci. 40, 17–20.
Elliott, B. M., and Grunberg, N. E. (2005). Effects of social 
and physical enrichment on open field activity differ 
in male and female Sprague-Dawley rats. Behav. Brain 
Res. 165, 187–196.
Flores, C. M., Hernandez, M. C., Hargreaves, K. M., and 
Bayer, B. M. (1990). Restraint stress-induced eleva-
tions in plasma corticosterone and beta-endorphin 
are not accompanied by alterations in immune func-
tion. J. Neuroimmunol. 28, 219–225.
Gornicka-Pawlak, E., Jablonska, A., Chylinski, A., and 
Domanska-Janik, K. (2009). Housing conditions 
influence motor functions and exploratory behav-
ior following focal damage of the rat brain. Acta 
Neurobiol. Exp. (Wars) 69, 62–72.
Light luminance in housing facilities is 
another variable that has a marked influ-
ence on the physiology, circadian rhythm, 
and behavior of rats (Tucker et al., 1984; 
Azar et al., 2008). Compared with SD rats 
housed in a standard 12:12 light–dark cycle 
with normal illumination (200 lux), the HR 
of undisturbed male (but not female) rats 
was decreased under dim lights (10 lux) 
during a 12:12 photocycle. Increasing 
the dark cycle to 16 h (8:16 photocycle) 
under normal light conditions (200 lux) 
decreased the HR of undisturbed males. 
Changing the light cycle to be more spe-
cies specific (e.g., dim light or longer dark 
period in rats) reduced HR during peri-
ods of day and night when rats were left 
undisturbed (Tucker et al., 1984; Azar et al., 
2008). However, neither dim light nor long 
nights affected HR responses during exper-
imentation (Azar et al., 2008). Behavioral 
research is commonly carried out during 
the light phase, an approach that is etho-
logically incorrect in nocturnal animals. 
Reverse light cycle allows for measure-
ments during rats’ active period, whereas 
direct light cycles result in measurements 
during rats’ inactive period. Although exist-
ing data on the impact of testing phase on 
the stress response is limited, investigators 
should consider and report illumination 
levels, light cycles, and lighting conditions 
when taking behavioral and biological 
measurements.
The data reviewed here suggests that rat 
transport, handling, cage changing, housing 
conditions, light levels, and the light–dark 
cycle all have the potential to interact with 
the stress response. However, these interac-
tions may not always be easily transferred to 
other rodent models. Therefore we recom-
mend documenting in detail all housing and 
husbandry procedures as part of standard 
experimental reporting, so that informed 
comparisons of experimental results can be 
made across different laboratories.
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